Summary. Treatment of ewes with steroid-free ovine follicular fluid (oFF) during the follicular phase of the oestrous cycle results in the immediate inhibition of the ovarian secretion of oestradiol, inhibin and androgens. An experiment was conducted to determine whether this effect of oFF was due to inhibin, or to direct inhibition of ovarian function by other factors in oFF.
function by other factors in oFF.
Eight ewes in which the left ovary and vascular pedicle had been autotransplanted to a site in the neck were studied during the breeding season. Luteal regression was induced in all animals by injection of cloprostenol (100 \ g=m\ gi.m.; PG) on Day 10 of the luteal phase. The animals were divided into two groups (n = 4) and treated with either steroid-free oFF (oFF; 3 ml s.c.; 3\m=.\2 \g=m\gp1-26\g=a\inhibin/ml) or steroid-free oFF in which the inhibin content had been reduced by >90% (IFoFF; 3 ml s.c.; 0\m=.\3 \g=m\gp1-26\g=a\ inhibin/ml) by affinity chromatography, 24 and 36 h after PG. Samples of ovarian and jugular venous blood were collected at (i) intervals of 4 h from 16 h before until 120 h after PG and (ii) intervals of 10 min from 48 to 52 h after injection of PG to investigate the pattern of pulsatile secretion of ovarian hormones. All ewes had previously been monitored during a normal PG-induced follicular phase.
Injection of oFF resulted in an increase (P < 0\m=.\05) in the concentration of inhibin in jugular venous plasma and a profound (P < 0\m=.\001) and prolonged decrease in the peripheral concentration of follicle-stimulating hormone (FSH) . Injection of IFoFF had no significant effect on peripheral concentrations of inhibin or FSH in the first 24 h after treatment; thereafter inhibin concentrations fell (P < 0\m=.\01)progressively until 40 h and then increased (P < 0\m=.\01) until 72 h after treatment. In both treatment groups, however, within 24\p=n-\36h of treatment the concentration of FSH increased 5\p=n-\10-fold (P < 0\m=.\001) to a peak that occurred within 48\p=n-\60h and then declined to basal concentrations within 72\p=n-\84h of treatment. The concentration of luteinizing hormone (LH) in jugular venous plasma increased in both groups after treatment (P < 0\m=.\01),although the rise after injection of oFF only started after 24 h. Thereafter, there was a progressive increase in the concentration of LH, peaks occurring 48\p=n-\60h after treatment. The preovulatory LH surge was delayed by \m=~\48h in both groups of ewes, being detected at 114 \ m=+-\ 5 h and 110 \ m=+-\ 4 h after PG in ewes treated with oFF and IFoFF, respectively (P < 0\m=.\001). The effects of oFF and IFoFF on ovarian hormone secretion were similar, Introduction Follicular fluid is a rich source of the ovarian hormone inhibin (Leversha et ai, 1987) , which, with oestradiol, controls the concentration of follicle-stimulating hormone (FSH) in the peripheral circulation (Martin et ai, 1988; Mann et ai, 1989 Mann et ai, , 1990 . It is now well documented that repeated treatment of ewes with steroid-free follicular fluid during either the luteal Wallace et ai, 1985) or follicular phase (McNeilly, 1984 (McNeilly, , 1985 Henderson et ai, 1986) of the oestrous cycle results in an initial depression of FSH followed by a rebound release of FSH after the cessation of treatment. If follicular fluid administration is stopped either before Wallace et ai, 1985) or within 24 h (Henderson et ai, 1988) of the induction of luteolysis, ovulation occurs at the normal time. In contrast, treatment of ewes with follicular fluid in the late follicular phase, for more than 24 h after induction of luteolysis, results in a delay in ovulation (McNeilly, 1984 (McNeilly, , 1985 Henderson et ai, 1986 Henderson et ai, , 1988 . We have recently confirmed and extended these observations to show that treatment of ewes with steroid-free ovine follicular fluid (oFF) during the late follicular phase of the oestrous cycle, 24 and 36 h after induction of luteolysis, results in marked suppression in the ovarian secretion of oestradiol, androstenedione, testosterone and inhibin (Baird et ai, 1990a) . The loss and eventual re-establishment of inhibitory feedback offers an explanation for the transient increase in peripheral concentrations of FSH after treatment with follicular fluid. Given the large body of data which supports a pivotal role for FSH in the control of follicular development (McNeilly et ai, 1990) , the results of these experiments suggest that treatment of ewes with follicular fluid results in inhibition of follicular development (McNatty et ai, 1985; Wallace et ai, 1986) , which can be attributed to the resulting depression in FSH secretion. The dominant follicle appears to maintain a dependence on FSH; suppression of its development during the late follicular phase, after selection has occurred, denies the animal sufficient time to compensate, resulting in delayed ovulation (McNatty et ai, 1982; Tsonis et ai, 1984) .
Although the inhibition of ovarian secretion caused by oFF can be attributed to FSH, the magnitude and acuteness of the inhibitory effects of oFF (Baird et ai, 1990a) suggest that other factors in oFF may act directly on the ovary to inhibit follicular growth (reviews: Hsueh et ai, 1984; Ireland, 1987; Tonetta & diZerega, 1989 ). Cahill and co-workers have reported that steroidfree oFF prevented follicular growth in both normal (Cahill et ai, 1985) and hypophysectomized ewes given pregnant mares' serum gonadotrophin (PMSG) (Cahill, 1984) . Immunization of ewes against partially purified follicular fluid increases ovulation rate in sheep without consistent in¬ creases in plasma FSH concentrations (Henderson et ai, 1984; Cummins et ai, 1986; Al-Obaidi et ai, 1987) , suggesting that immunization may be directed against inhibitors of follicle growth. A heat-and trypsin-labile protein, named follicle regulatory protein (FRP), isolated from porcine follicular fluid, has been shown to inhibit follicular growth in rats and monkeys in vivo and FSHinduced differentiation of porcine granulosa cells in vitro (Ono et ai, 1986) . In addition, epidermal growth factor (EGF), which is produced by the theca (Skinner et ai, 1987; Skinner & Coffey, 1988) and is present in porcine follicular fluid (Hsu et ai, 1987) , inhibits follicular growth (Radford et ai, 1987) and the secretion of oestradiol (Scaramuzzi et ai, 1988) and inhibin (Murray et ai, 1989) in vivo. Furthermore, inhibin inhibits FSH-stimulated oestradiol production in vitro, suggesting an intra-ovarian role for this hormone (Ying et ai, 1986; Tonetta & diZerega, 1989) .
The present experiment examined the effect of either steroid-free oFF or inhibin-and steroidfree oFF (IFoFF) on ovarian follicle growth and hormone secretion, to determine whether the suppression of ovarian hormone secretion by oFF observed previously (Baird et (Collett et al, 1973) .
Preparation offollicular fluid. Steroid-free oFF was prepared as described previously and contained 3235 ng inhibin/ml (pl-26a) and had a bioactivity of 8076 U/ml .
The IFoFF was prepared by affinity chromatography; 6 ml of serum from a sheep immunized against the l-26a-subunit of porcine inhibin conjugated to ovalbumin (S55; McNeilly et al, 1989) was treated with 25 and 50% solutions of saturated ammonium sulphate and the precipitate was resuspended in 10 ml of coupling buffer (01m-NaHCOj, 0-5M-NaCl, pH 8-3). Following swelling and washing in ImM-HCl (200ml/g dry gel) and equilibration with coupling buffer (10ml/g dry gel), 15 g of CNBr-activated Sepharose 4B (Pharmacia, Uppsala, Sweden) was allowed to mix with the antibody preparation overnight at room temperature. The gel was then washed with 0-2m glycine for 2 h at room temperature, followed by 5 alternate washes with 01m sodium acetate, 0-5M-NaCl, pH 4, and coupling buffer. The gel was then washed with 50mM Tris buffer, pH 74, and poured into a 2-5 45 cm column (SR 2545: Pharmacia, Uppsala, Sweden). Following elution of the void volume, 100 ml oFF was run circuitously on the column for 24 h. The IFoFF was then frozen until used. Following treatment, the inhibin content of the oFF had been reduced by >90% to 259 ng inhibin/ml (pl-26a) with a bioactivity of 832 U/ml. Experimental design. Luteal regression was induced in all animals by injection of cloprostenol (100 pg i.m.; PG) on Day 10 of the luteal phase. The animals were treated with either steroid-free oFF (3 ml s.e; = 4) or steroid-free IFoFF (3 ml s.e; = 4) in the early follicular phase, 24 and 36 h after the induction of luteolysis. Samples of ovarian (5-7-5 ml) and jugular (4 ml) venous blood were collected at 4-h intervals from 20 h before until 120 h after induction of luteolysis by injection of PG. Blood samples were also collected at 10-min intervals from 48 to 52 h after injection of PG in order to examine the pulsatile patterns of secretion of ovarian hormones and gonadotrophins. Ovarian blood flow was measured by timing the collection of ovarian venous blood and the ovarian secretion rates of oestradiol, androstenedione and inhibin were calculated after correcting for the haematocrit (Collett et al, 1973) and peripheral concentrations of hormone (inhibin only). Subsequent luteal function was monitored by daily collection of jugular venous blood samples for 11 days after PG.
Ovarian scanning procedure. The ovarian follicle population was examined daily using a combined-sector, real¬ time, ultrasound scanner (DSL 300) with a sector 7-5 MHz transducer probe (Diagnostic Sonar, Kirkton Campus, Livingstone, UK). The area of skin over the ovary was clipped, scanning gel (Siel Sound Gel, Siel Imaging Equipment Ltd, Aldermasten, Berkshire, UK) applied and the animal constrained with a head halter. On occasion, additional manual restraint was necessary to hold the animal still. The ovary was scanned in horizontal and vertical planes. The diameter of the antral cavity and position of all follicles > 2 mm in diameter in the medial-lateral, dorsal-ventral and cranial-caudal planes was noted.
Hormone assays. Plasma concentrations of ovine LH and progesterone (McNeilly & Fraser, 1987; McNeilly et al, 1986) , oestradiol , androstenedione , FSH ) and l-26a-subunit of inhibin ) were determined using previously described radioimmunoassays. The sensitivity of the assays for LH, FSH, progesterone, oestradiol, androstenedione and inhibin were 0-2 ng (NIH-LH-S18)/ml, 0-3 ng (NIAMDD-FSH-RPl)/ml, 120 pg/ml, 120 pg/ml, 50 pg/ml and 35 pg/ml, respectively. The intra-and interassay coefficients of variation were < 15%.
Statistical analysis. The normal pattern of pituitary and ovarian hormone secretion following PG-induced luteo¬ lysis in the animals included in this experiment had been previously determined (see Campbell et al, 1990a, b; Baird et al, 1990a) Baird et al, 1990a ). Because of the large variation in pulse intervals between treatment groups, these data were subjected to In transformation before analysis. Pulse amplitude and nadir were analysed untransformed.
The effect of oFF treatment on numbers of follicles was determined by repeated sample analysis of variance following^/ (x + 0-5) transformation due to the presence of zeros in these data.
Results
Hormone patterns in animals given steroid-free oFF or IFoFF Jugular venous progesterone. In both groups of ewes, the concentration of progesterone in jugular venous plasma declined (P < 0001) after injection of PG and was undetectable for the remainder of the experimental period (data not shown). Both groups had > 1 ng progesterone/ml by 11 days after PG.
Jugular venous inhibin. Induction of luteolysis with PG had no significant effect on the concen¬ tration of inhibin in jugular venous plasma in either treatment group. Injection of oFF resulted in an increase (P < 005) in the concentration of inhibin, which reached a peak within 4-8 h of admin¬ istration (Fig. 1) . Peripheral concentrations of inhibin remained high (P < 005) until 24 h after the first oFF injection and thereafter remained relatively constant. In contrast, injection of IFoFF had no significant effect on the concentration of inhibin in the first 24 h after treatment; thereafter, inhibin concentrations fell (P < 0-01) progressively until 40 h after treatment and then increased (P < 0-01) until 72 h after treatment (Fig. 1) .
Jugular venous FSH and LH. After the injection of PG, the concentration of FSH decreased (P < 0001) in both groups of ewes (Fig. 2) . Within 4 h of the first injection of oFF, the peripheral concentration of FSH had begun to decrease ( < 0001), reaching a nadir of~1 ng/ml within 12-16 h of treatment (Figs 2 & 3) . In contrast, injection of IFoFF had no significant effect on FSH concentrations in the 24 h after injection (Figs 2 & 4) . In both treatment groups, however, within 24-36h of treatment the concentration of FSH increased 5-10-fold ( < 0001) to a peak that occurred within 48-60 h of treatment and then declined to normal within 72-84 h of treatment (Figs 2, 3 & 4) . The concentration of LH in jugular venous plasma increased (P < 001) in the first 24 h after treatment in ewes given IFoFF, but in ewes given oFF the rise was delayed until 24 h after treat¬ ment (Figs 3 & 4) . Thereafter, LH concentrations in ewes treated with oFF or IFoFF continued to increase, exhibiting a profile similar to that described for FSH (Figs 3 & 4) . The preovulatory LH surge was delayed by~4 8 h in both groups of ewes, being detected 114 + 5 h and 110 ± 4 h after PG in ewes treated with oFF or IFoFF, respectively (P < 0001). (Figs 3 & 4) . In most ewes, ovarian hormone secretion (Significantly different from ewes treated with oFF (P < 005).
increased until 72 h after treatment, after which mean secretion rates tended to reach a plateau, although there was a great deal of variation in the pattern of secretion in individual animals due to the occurrence of preovulatory LH surges at different times. LH pulse interval and nadir were normal in ewes treated with oFF or IFoFF. LH pulse ampli¬ tude was higher (P < 005) than in normal untreated ewes in both groups. However, the treatment had different effects on the pattern of pulsatile secretion for individual hormones. By 24-28 h after treatment with oFF or IFoFF, the pattern of androstenedione secretion was normal, each pulse of LH being followed by a pulsatile release of androstenedione (Fig. 5) , although the androstenedione pulse amplitude and nadir were depressed compared with untreated ewes during the late follicular phase (Table 1) . Despite frequent LH pulses, oestradiol secretion in both groups of treated ewes was not responsive to LH and, although statistically significant pulses were observed, they were of low amplitude and nadir, with the result that oestradiol pulse interval, amplitude and nadir were all depressed (P < 0-05) by oFF and IFoFF. Pulsatile inhibin secretion was similarly depressed (P < 005) in ewes treated with oFF or IFoFF (Table 1; Fig. 5 ).
Patterns of follicular growth and hormone secretion Before treatment, both groups of ewes had ovaries containing, on average, 2-3 large (diameter >3-5 mm) ovarian follicles (Fig. 6 ). Injection of oFF or IFoFF caused a marked decline (P < 001) in the number of large follicles within 48 h of treatment and, concomitant with the rebound release of FSH, an increase (P < 001) in the number of small follicles/ovary. By 96 h after treatment, the number of large follicles per ewe had increased (P < 005) to pretreatment levels, concomitant with a decline (P < 005) in the number of small follicles.
In all individual animals, changes in gonadotrophin concentrations, ovarian hormone secretion rates and number of ovarian follicles were temporally related (Figs 7 & 8) . Follicles in the ovary at the time of injection of oFF or IFoFF slowly decreased in diameter as the ovarian secretion of androstenedione, inhibin and oestradiol dropped. As ovarian secretion fell, the concentrations of LH and FSH in jugular venous plasma increased and a number of small follicles were detected in the ovary. As these follicles grew, the ovarian secretion of first androstenedione and then inhibin and oestradiol was re-established and the concentrations of FSH and LH in venous plasma declined. In the ewe treated with oFF ( Fig. 7) , the preovulatory LH surge occurred at the end of the experimental period (120 h after PG) and was preceded by the characteristic increase in oestradiol secretion. The ewe treated with IFoFF ( Fig. 8) had a preovulatory LH surge, accompanied by a simultaneous FSH peak, within 92 h of PG and the surge was followed by the characteristic marked decline in the secretion of oestradiol and androstenedione  Campbell et ai, 1990a).
Discussion
The results of this experiment confirm our previous observation (Baird et ai, 1990a ) that injection of steroid-free oFF during the late follicular phase results in a profound decrease in the concen¬ tration of FSH in jugular venous plasma, followed by a rapid decline in the ovarian secretion of which received 2 injections of steroid-free ovine follicular fluid 24 and 36 h (oFF, 3 ml s.e, arrows) after the induction of luteolysis with PG on Day 10 of the luteal phase (n = 4) or (c) ewes which received 2 injections of steroid-and inhibin-free ovine follicular fluid 24 and 36 h (IFoFF, 3 ml s.e, arrows) after the induction of luteolysis with PG on Day 10 of the luteal phase (n = 4). Mean concentration of follicle-stimulating hormone (FSH) (Picton 1989; Picton et ai, 1990; McNeilly et ai, 1990) . These follicles initially secreted mainly androstenedione (Carson et ai, 1981; McNatty et ai, 1981) , but, as they grow under the influence of FSH (Tsonis et ai, 1988; Picton, 1989; McNeilly et ai, 1990; Picton et ai, 1990) , they secrete more inhibin and oestradiol (Tsonis et ai, 1983; Campbell et ai, 1991) suppressing the secretion of FSH and LH by the pituitary (Karsch et ai, 1984; Martin, 1984; Martin et ai, 1988; Baird et ai, 1990b) , until sufficient oestradiol is secreted to induce the pre¬ ovulatory LH surge (Baird et ai, 1981; Campbell et ai, 1990a) . The possibility, therefore, exists that this slight decline in FSH was sufficient to inhibit follicular growth. However, the magnitude of this decline was extremely variable (see, for example, ewe 2G18 in Fig. 7) whereas the inhibitory effects of the IFoFF were remarkably consistent. The fall and subsequent rise in the concentration of inhibin in jugular venous plasma from ewes given IFoFF reflects the inhibition and re-establishment of ovarian inhibin secretion, which was presumably masked in ewes given oFF. The later rise in the concentration of LH in ewes treated with oFF than in those treated with IFoFF suggests that large doses of inhibin may depress LH secretion by the pituitary. The increase in LH pulse amplitude observed in both treatment groups can be attributed to a loss of oestradiol negative feedback in the absence of progesterone (Karsch et ai, 1984; Martin, 1984) .
The intraovarian theory for the maintenance of the selected follicle states that the preovulatory follicle maintains its dominance through the secretion of follicle growth inhibitor(s) which act within the ovaries (Driancourt, 1987; Ireland, 1987) . The presence of follicular inhibitory activity in IFoFF provides experimental evidence to support this hypothesis. The identity of the inhibitory activity in oFF is unclear, although its existence is also supported by the observations of L. P. Cahill that oFF can inhibit the action of PMSG to stimulate follicular development in hypo¬ physectomized (Cahill, 1984) or normal (Cahill et al, 1985) ewes. Similar observations have been made in cattle given inhibin-free bFF (Law et ai, 1990 ). Follicle regulatory protein, which has been isolated from follicular fluid (diZerega et ai, 1982; Ono et ai, 1986) , has been shown to inhibit granulosa cell aromatase activity (see Ono et ai, 1986 ). It does not, however, affect thecal androgen production in vitro (Tonetta, 1987; Tonetta et ai, 1988) , which is in contrast to the in-vivo effects of oFF (Figs 2 & 3; Baird et ai, 1990a) . Similarly, while EGF (Scaramuzzi et ai, 1988) and transform¬ ing growth factor (TGFa) (Murray et ai, 1990) inhibit ovarian oestradiol secretion in vivo, neither EGF (Scaramuzzi et ai, 1988) nor TGFa (Murray et ai, 1990 ) affect ovarian androstene¬ dione secretion. In the latter studies, however, blood samples were not taken until 24 h after the end of treatment and androstenedione secretion may have become re-established in that time, as was observed in the present experiment. Another possible inhibitor of ovarian function in follicular fluid is insulin-like, growth-factor-binding protein (IGF-BP: Shimasaki et ai, 1990) which inhibits FSH-induced oestradiol and progesterone production in cultured rat granulosa cells (Ui et ai, 1989) . No data are available on the in-vivo effect of IGF-BP on ovarian steroid secretion. As the attainment of oestrogenicity is a key event in follicular development (Baird, 1983) , inhibition of aromatase alone may result in follicular atresia, although the acuteness of the effect of oFF on androgen secretion would seem to make this mechanism unlikely. The identity and mode of action of the follicular inhibitory activity in oFF therefore remains to be determined. The observation that oFF, in similar doses to those used in the present experiment, is unable to prevent FSH from stimulating follicle development in ewes treated with a potent GnRH-agonist (A. S. McNeilly & B. K. Campbell, unpublished observations) suggests that the inhibitor ultimately modulates an FSH-dependent process and that the action of the inhibitor can be overcome by FSH. We conclude that oFF contains a factor that acts directly on the ovary to induce atresia of large preovulatory follicles and results in immediate suppression of ovarian inhibin, oestradiol and androstenedione secretion. The lack of feedback of ovarian hormones results in a rebound release of FSH, which stimulates the growth of ovarian follicles and the eventual re-establishment of ovarian hormone secretion and normal cyclicity.
